Rationale In utero cocaine exposure has been associated with alterations in the dopamine (DA) system in monkeys. However, the behavioral outcomes of prenatal cocaine exposure in adulthood are poorly understood. Objectives To assess several behavioral measures in 14-year-old rhesus monkeys exposed to cocaine in utero and controls (n=10 per group). Materials and methods For these studies, two unconditioned behavioral tasks, novel object reactivity and locomotor activity, and two conditioned behavioral tasks, response extinction and delay discounting, were examined. In addition, cerebrospinal fluid (CSF) samples were analyzed for concentrations of the monoamine metabolites homovanillic acid (HVA) and 5-hydroxyindole acetic acid (5-HIAA). Results No differences in CSF concentrations of 5-HIAA and HVA, latencies to touch a novel object or locomotor activity measures were observed between groups or sexes. However, prenatally cocaine-exposed monkeys required a significantly greater number of sessions to reach criteria for extinction of food-reinforced behavior than control monkeys. On the delay-discounting task, male prenatally cocaine-exposed monkeys switched preference from the larger reinforcer to the smaller one at shorter delay values than male control monkeys; no differences were observed in females. Conclusions These findings suggest that prenatal cocaine exposure results in long-term neurobehavioral deficits that are influenced by sex of the individual.
More than 5% of pregnant women in the USA between the ages of 15 and 44 years reported past-month illicit drug use during the period of [2007] [2008] (United States Department of Health and Human Services, Substance Abuse and Mental Health Services Administration SAMHSA Office of Applied Studies 2009). However, the long-term consequences of chronic drug exposure to the fetus are not well understood. Animal models have been used to better understand the neural and behavioral consequences of in utero cocaine exposure (e.g., Lidow 1998) . Nonhuman primate models offer several advantages, including a complex frontal cortex, similar hormonal fluctuations, and a long gestational period for prenatal drug exposure (Jewitt and Dukelow 1972; Lidow 2003) . Nonhuman primates have approximately 95% gene homology to humans (Hacia et al. 1998 ) and greater homology in dopamine (DA), serotonin (5-HT), and norepinephrine systems than rodents (Weerts et al. 2007 ). Additionally, nonhuman primates have similar in utero development as humans over a long (24-26 weeks) gestation period (Silk et al. 1993) , making them especially valuable for prenatal cocaine exposure studies.
Several investigators have examined the physiological consequences of cocaine use throughout gestation in nonhuman primate models and have reported differences in fetal brain development (e.g., Fang et al. 1997) as well as brain weight (Lidow 1998 (Lidow , 2003 and survival rates of offspring (Howell et al. 2001 ). The present study utilized prenatal cocaine exposure in rhesus monkeys in order to evaluate the behavioral and neurochemical consequences of in utero drug exposure in adults. These animals had been exposed to cocaine throughout the 25 weeks of gestation or were controls (Morris et al. , 1997 and were studied as adults (14-15 years old). From birth until the present study, prenatally cocaine-exposed monkeys and controls have had similar experimental histories with limited drug exposure, making them a unique group of monkeys. We recently examined DA receptor function in these adult monkeys (Hamilton et al. 2010 ) and found no differences in DA D1-and D2-like receptor function, but differences in the behavioral effects of the D 3 /D 2 receptor agonist quinpirole such that monkeys prenatally exposed to cocaine showed greater quinpirole-elicited yawning compared with control monkeys. In the present study, we extended the examination of neurobiological characteristics to include cerebrospinal fluid (CSF) concentrations of the DA metabolite homovanillic acid (HVA) and the 5-HT metabolite 5-hydroxyindole acetic acid (5-HIAA), and extended behavioral assessments to measures thought to model aspects of human behavior related to impulsivity.
In humans, cocaine use during pregnancy has been associated with physical deficits in the offspring including reduced body weight, body length, and head circumference of the infants at birth (Nair and Watson 1991) and developmental deficits including memory (Singer et al. , 2008 , attention (Singer et al. 2000; Noland et al. 2005; Linares et al. 2006; Bandstra et al. 2007) , cognition (Singer et al. 2001; Morrow et al. 2006) , and impulse control (Savage et al. 2005; Linares et al. 2006; Accornero et al. 2007; Pulsifer et al. 2008) . Investigating behaviors thought to model impulse control in a highly controlled animal model is an important complement to the human studies. However, some of the difficulty in evaluating impulsivity in humans is due to it being conceptualized as a broad spectrum of behaviors rather than a single trait (Moeller et al. 2001; Chamberlain and Sahakian 2007) . While research with humans has typically assessed impulsivity using standardized questionnaires (Evenden 1999) , there is no agreement on how to model this in animals. Several distinct measures have been developed to assess behaviors in animals that may be related to impulsivity, including response to novelty, locomotor activity, behavioral inhibition, and choice between an immediate, lowmagnitude reward, and a delayed large-magnitude reward. In the present study, each of these dependent variables was assessed in all monkeys in order to directly compare behavioral outcomes using a within-subjects design.
The first set of behavioral measures used in the present study involved unconditioned behaviors: response to a novel object (Dellu et al. 1996; Zuckerman 1996) and locomotor activity in an open field. Reactivity to a novel object has been used to characterize behavioral phenotypes that may measure aspects of impulsivity in rodents (Hooks et al. 2001; Suto et al. 2001; Davis et al. 2008 ) and nonhuman primates (Bolig et al. 1992; reviewed in Clarke and Boinski 1995; Coleman et al. 2005; Czoty et al. 2010) . Regarding locomotor activity, Piazza and colleagues demonstrated that responsiveness in an open field was associated with vulnerability to stimulant self-administration (Piazza et al. 1989 (Piazza et al. , 1990 reviewed in Piazza and Le Moal 1998) . Interestingly, Dalley et al. (2007) did not find a relationship between locomotor activity and other behaviors deemed to assess impulsivity. In the present study, we directly compared locomotor activity of adult rhesus monkeys with novel object reactivity and two conditioned behaviors in order to better determine if they are assessing similar behavioral attributes.
A third measure described by Moeller et al. (2001) of impulsivity in humans is response perseveration, which is the tendency to continue emitting a formerly reinforced response despite the response currently being either unrewarded or punished (McCleary 1966) . It is thought that response perseveration is a measure of deficient behavioral inhibition because in these tasks subjects must stop their ongoing behavior (Matthys et al. 1998) . In the present study, perseverative responding was assessed by examining responding during extinction of previously foodreinforced operant responding in monkeys.
Finally, we assessed food choice involving delays. Impulsive choice is most commonly assessed in human studies using a delay-discounting task in which subjects are asked to choose between a small, immediate reinforce, and a larger, delayed reinforcer. The subjective value of the larger reinforcer is decreased (i.e., discounted) as the length of time the subject must wait to receive it increases. By using a series of choices between different reinforcers varying in delay values, an indifference point can be calculated as the delay value at which the smaller, immediate reinforcer is chosen as often as the larger, delayed reinforcer. Delay discounting has been adapted for animal studies (e.g., Perry et al. 2005; Woolverton et al. 2007) . Although several studies have examined delay discounting involving drug reinforcers in monkeys (Anderson and Woolverton 2003; Woolverton and Anderson 2006; Woolverton et al. 2007; Newman et al. 2008) , only one study has examined discounting of a non-drug reinforcer, saccharin (Freeman et al. 2009 ). The present study extended this work to delay discounting involving differ-ent magnitudes of another non-drug reinforcer, bananaflavored food pellets.
Material and methods
Subjects Twenty adult rhesus monkeys (Macaca mulatta), born between 1993 and 1995 and raised at the FDA facility in Little Rock, AR until their arrival at Wake Forest University in 2007, served as subjects. Ten monkeys (six males and four females) were prenatally exposed to cocaine and ten monkeys (five males and five females) were controls, as described previously (Morris et al. , 1997 . Briefly, the mothers of the cocaine-exposed monkeys used in this study received intramuscular injections of escalating doses of cocaine. Prior to mating, mothers received a dose of 1.0 mg/kg per injection cocaine which was increased throughout gestation to up to 8.5 mg/ kg per injection, three times per day for the entire course of gestation, with mean cumulative cocaine intake of 1,092.3 (±59.8 SEM) mg/kg . When the controls and cocaine-exposed monkeys were 6 months of age, they were housed individually in the same colony room and began behavioral training involving an operant test battery (Morris et al. 1997 ). Other than their prenatal drug histories, all monkeys had nearly identical experimental histories (see Paule et al. 1996; Morris et al. 1996) . At the start of this experiment, monkeys were individually housed in stainlesssteel cages with water available ad libitum and had visual and auditory contact with each other. Since we have previously shown that monoamine function is influenced by menstrual cycle ), we monitored menstrual cycle phase throughout the experiment by daily vaginal swabs. Days of bleeding were recorded as indicative of menses. During quarantine, a free-feeding weight was determined and monkeys' body weights were maintained at approximately 95% of that value throughout these studies (LabDiet Monkey Chow and fresh fruit). Monkeys were fitted with an aluminum collar (Primate Products, Redwood City, CA) and trained to sit calmly in a standard primate chair (Primate Products). All manipulations were performed in accordance with the 2003 National Research Council Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral Research and were approved by the Wake Forest University Institutional Animal Care and Use Committee.
Apparatus The apparatus for operant responding consisted of a ventilated, sound-attenuating chamber (1.5×0.74× 0.76 m; Med Associates, East Fairfield, VT) designed to accommodate a primate chair. Two response keys (5 cm wide) were located on one side of the chamber with a horizontal row of three stimulus lights 14 cm above each response key and a food receptacle between the response keys. The receptacle was connected with tygon tubing to a pellet dispenser (Gerbarands Corp., Arlington, MA) located on the top of the chamber for delivery of 1-g bananaflavored food pellets (P.K. Noyes Co., Lancaster, NH). An infusion pump (Cole-Palmer, Inc., Chicago, IL) was located on the top of the chamber.
Surgery Each monkey was prepared with a chronic indwelling venous catheter and subcutaneous vascular port (Access Technologies, Skokie, IL) under sterile surgical conditions. Anesthesia was induced and maintained with ketamine (15 mg/kg) and butorphanol (0.025 mg/kg). Vital signs were monitored for the duration of the surgery. Briefly, a catheter was inserted into the femoral vein to the level of the vena cava. The distal end of the catheter was passed subcutaneously to a point slightly off the midline of the back, where an incision was made. The end of the catheter was then attached to the vascular access port and placed in a pocket formed by blunt dissection. Each port and catheter was filled with heparinized saline solution (100 U/ml) after every experimental session to prolong patency. Prior to each self-administration session, the back of the animal was cleaned with betadine and 95% EtOH, and the port was connected to the infusion pump located outside the chamber via a 20-gauge Huber Point Needle (Access Technologies). The pump was operated for approximately 3 s to fill the port and catheter with saline prior to starting the session.
CSF measures of 5-HIAA and HVA Monkeys were anesthetized with 10 mg/kg ketamine, the aluminum collar was removed and the neck and the back of the skull were shaved and cleaned with betadine and 95% EtOH. A 25-gauge, 1.5-in. needle attached to a 3-ml syringe was inserted through the cisterna magna and approximately 2 ml of CSF was removed within 10 min of induction of anesthesia. Females were studied only during the follicular phase in order to be consistent with our earlier brain imaging studies (Hamilton et al. 2010) . Moreover, earlier work showed that 5-HIAA concentrations did not differ as a function of menstrual cycle phase ). All samples were collected in the morning, at approximately the same time of day (0900 hours). The samples were immediately transferred to vacutainer tubes on ice. Samples were centrifuged at 4°C for 30 min at 3,000 rpm and then aliquoted into microcentrifuge tubes for storage at −30 C until they were analyzed using high-pressure liquid chromatography with electrochemical detection. The mobile phase consisted of 9.6 g citric acid, 11.2 g sodium phosphate monobasic, and 0.7 g 1-octanesulfonic acid in 860 ml of ultra-pure water. One hundred microliters of 0.5 M ethylenediaminetetraacetic acid was added and the pH of the solution was adjusted to 3.0. Next, six drops of triethylamine and 140 ml acetonitrile were added, and the mobile phase was filtered twice. Mobile phase was delivered to the system at a rate of 0.2 ml/min using an ESA 582 solvent delivery module (ESA Inc., Chelmsford, MA). Three 30-μl aliquots of each sample were loaded into a ESA 542 autoinjector and 20 μl were injected. Separation was achieved with a C-18 column (150 mm length, 3.2 mm i.d., 3-μm particle size; ESA, Inc.) and 5-HIAA and HVA were detected in samples using an ESA Coulochem II detector. Concentrations of 5-HIAA and HVA were determined by interpolation using a standard curve that was generated using standard solutions containing known amounts of the metabolites. Each sample was tested in triplicate, and average values were used for data analysis.
Experiment 1: effects of prenatal cocaine exposure on unconditioned behaviors Approximately 2-6 months after quarantine ended, monkeys were characterized using two unconditioned behaviors that have been hypothesized to model aspects of impulsivity. For the novel object reactivity test, the monkey in the cage adjacent to the subject's home cage was removed, the partition was removed from between the cages, and the subject was moved to the adjacent cage. Next, the partition was replaced and an opaque black Plexiglas box measuring 30.5×20.3×20.3 cm was placed in the monkey's empty home cage. The unbaited box was positioned so that the hole was facing the monkey. The partition was removed again and the latency to touch the object was recorded. If the monkey did not touch the object within 15 min, a score of 900 s was assigned. All sessions were videotaped and scored by an observer blind to the monkey's prenatal condition. The 900-s maximum duration was based on data from our laboratory ).
To assess locomotor activity, each monkey was moved to another room away from their colony room and placed in a 3.0×2.0×1.75 m enclosure with the field divided into nine equal grid zones. Over the 30-min test period, the monkeys' activity was videotaped using a camera mounted overhead. The primary dependent measure was crossings between the zones, defined as >50% of the monkey's body crossing into a new grid section, and was counted by an observer blind to the prenatal condition of the monkey.
Experiment 2: effects of prenatal cocaine exposure on response extinction Monkeys were initially trained to respond on the left and right keys by reinforcing each response with a 1-g banana-flavored pellet; a 30-s timeout followed each food presentation. The light above the response key signaled food availability; only one key was active during a session. Over the course of 2-3 weeks, the number of responses required was increased until a fixed-ratio (FR) 30 schedule of food presentation was achieved. Sessions ended after 30 reinforcers had been delivered or 60 min had elapsed. When responding was reliably maintained (i.e., mean response rate±20% for three consecutive sessions) on both keys and maximal food reinforcement was obtained consistently, intravenous catheters were implanted.
After implantation of catheters, baseline food reinforcement rates were re-established over five sessions, but only on the response key associated with the higher rate. For control monkeys, four had higher rates on the left key and six on the right key and for prenatally cocaine-exposed monkeys the distribution was three on the left key and seven on the right key. Because future studies would involve drug self-administration, saline injections were substituted for food pellets for at least five consecutive sessions and until responding was deemed extinguished. The three criteria for extinguishing food-reinforced responding were three consecutive sessions in which response rates were reduced by at least 80% from baseline rates of food-reinforced responding, mean response rate± 20% for three consecutive sessions and no trends in responding. The primary dependent measure was the number of sessions to meet these criteria.
Experiment 3: effects of prenatal cocaine exposure on delay discounting Monkeys were re-exposed to the FR 30 schedule of food presentation, with each pellet delivery followed by a 30-s timeout (TO). At the start of the session, one light above one response key was illuminated to indicate it was active; the order in which key was active varied across sessions. Sessions ended after 30 reinforcers were received or 60 min elapsed. Subjects responded under these conditions until responding on the right and left response key was reliably maintained and was deemed stable on each lever (i.e., mean response rate±20% for three consecutive sessions). The conditions were then changed to a concurrent schedule, which served as the schedule of reinforcement for the delay-discounting procedure.
The choice was initially between one and three food pellets delivered immediately after completion of the FR 30 requirement. The 1-pellet reinforcer was contingent on responding on the key associated with the highest rates, while responding on the other key delivered three pellets. Initially, the delay value associated with both reinforcers was 0 s. The delay value associated with one pellet remained at 0 s throughout the experiment, while the delay associated with the three-pellet reinforcer varied from 5 to 300 s. Sessions began with two forced-choice (i.e., sampling) trials. During these sampling trials, only one response key was active with illumination of the light and completion of the FR 30 resulted in the reinforcer and delay. After a 30-s TO, the other response key was illuminated and completion of the FR resulted in the reinforcer and delay. During the delay, a red light above the response key flashed on and off each second for the duration of the delay. During the TO, which occurred immediately following the delay and reinforcer delivery, no lights were illuminated. Once both sampling trials were completed and following a 30-s TO, the schedule changed to a concurrent schedule with both response keys being active. To limit the influence of response perseveration, a forced choice was implemented during the session if the monkey chose the same lever five times in a row, and the session then returned to a concurrent schedule. Delay values were kept constant for at least five consecutive sessions and until the percent choice of the larger, delayed reinforcer was deemed stable (mean percent choice±20% for three consecutive sessions). Sessions terminated after 30 free choices were completed or 60 min had elapsed. Delay values were presented in a quasi-random order to determine a delay vs. percent choice of larger reinforcer curve. Based on each monkey's individual curve, the indifference point was interpolated as the delay value that engendered 50% choice of the larger, delayed reinforcer and 50% choice of the smaller, immediate reinforcer. The dependent measure for this experiment was the indifference point.
Data analysis CSF metabolite concentrations, latency to touch a novel object, locomotor activity, responding during extinction, and indifference point (from delay discounting) were each analyzed using a two-way analysis of variance (ANOVA) using group (prenatal cocaine and saline) and sex as factors. Post hoc Bonferroni tests were conducted when significant main effects were indicated by the ANOVA. Because some monkeys received a maximum score of 900 in the novel object reactivity test, correlations involving those data were analyzed using Spearman's correlation coefficient for ranked data. In all cases, significance was accepted at the 95% level of confidence (p<0.05).
Results
Experiment 1: effects of prenatal cocaine exposure on unconditioned behaviors A two-way ANOVA revealed no significant main effect of prenatal cocaine exposure or sex and no significant interaction on latency to touch a novel object (Fig. 1a) . Because there were no differences due to prenatal drug exposure, mean latencies for all the males were compared to mean latencies for the females and were not significantly different. Locomotor activity ranged from 5 to 316 counts over the 30-min exposure and did not differ as a function of prenatal exposure or sex and there was no significant interaction (Fig. 1b) .
Experiment 2: effects of prenatal cocaine exposure on response extinction Under baseline conditions, mean response rates under the FR 30 schedule of food presentation were not different in male monkeys with mean (±SEM) values of 3.89 (±0.68) and 2.46 (±0.54) resp/s for control and prenatally cocaine-exposed monkeys, respectively. Similarly, female monkeys did not differ in mean response rates between groups (1.60 ± 0.30 and 2.64 ± 1.16 resp/s, for control and prenatally cocaine-exposed monkeys, respectively). Response extinction was studied by substituting saline for food presentation. A two-way ANOVA revealed a significant main effect of prenatal cocaine exposure (F(1,17)=4.78, p=0.04) but no significant effect of sex and no significant interaction on number of sessions to reach criteria for response extinction. Prenatally cocaine-exposed monkeys required a greater number of sessions to reach criteria for extinguishing food-reinforced responding than control monkeys (Fig. 2) . Experiment 3: effects of prenatal cocaine exposure on delay discounting Under the concurrent schedule, when the delay was 0 s, monkeys chose the larger magnitude food reinforcer on nearly 100% of the trials. On average, response rates were higher on the key associated with the larger magnitude of food reinforcement (1.56±0.28 resps/s and 1.72±0.23 resps/s for the one-pellet-and three-pelletassociated keys, respectively). Response rates did not differ between prenatally cocaine-exposed and control monkeys nor between male and female monkeys and response rates did not change significantly from baseline at any delay value (Table 1) . Increases in the delay value resulted in time-dependent reductions in the percent of trials in which the larger reinforcer was chosen; this relationship is depicted in Fig. 3 for two representative male monkeys. Indifference points were calculated as the delay value (seconds) that engendered 50% choice of the larger, delayed reinforcer and the smaller, immediate reinforcer (Fig. 4) . A two-way ANOVA revealed a signficant effect of prenatal cocaine exposure (F(1, 16)=10.56, p=0.005) and a significant interaction between prenatal condition and sex (F(1, 16)=4.8, p=0.04). Post hoc Bonferroni tests indicated that male prenatally cocaine-exposed monkeys had significantly lower indifference points than male control monkeys (p=0.01), indicating that prenatally cocaineexposed monkeys chose the smaller, immediate reinforcer over the larger reinforcer at shorter delays compared to control male monkeys (Fig. 4) . There was no difference between female control and prenatally cocaine-exposed monkeys (Fig. 4) .
Effects of prenatal cocaine exposure on CSF measures of 5-HIAA and HVA A two-way ANOVA indicated no significant effect of prenatal condition or sex and no interaction of these factors on CSF concentrations of 5-HIAA and HVA (Table 2 ). There was no significant correlation between CSF 5-HIAA or HVA and any of the dependent variables for group (prenatal cocaine-exposed vs. control) or sex (data not shown). There was a positive significant correlation between baseline concentration of 5-HIAA and HVA (r=0.63, p<0.01).
Discussion
The purpose of the present studies was to extend earlier work characterizing adult rhesus monkeys prenatally All points are means (±SEM) of ten monkeys, except where noted a n=10 for prenatal cocaine group and n=7 for controls b n=6 for prenatal cocaine group and n=9 for controls Fig. 3 Percentage of trials in which the larger, delayed reinforcer was chosen over the smaller, immediate reinforcer as a function of delay value. Data are from two representative male monkeys, one prenatally cocaine exposed (left panel) and one control (right panel). The delay value at which the curve intersects with the dashed line (50% choice of larger reinforcer) represents the indifference point exposed to cocaine and controls to include neurochemical correlates and behavioral endpoints related to measures of impulsivity. To accomplish this, CSF concentrations of the DA metabolite HVA and the 5-HT metabolite 5-HIAA were obtained from ten prenatally cocaine-exposed and ten control monkeys. In addition, several unconditioned and conditioned behaviors were examined. Finally, the interaction between prenatal drug history and sex of the monkey on these various measures was assessed. In general, there were no differences between groups or sexes in CSF concentrations of monoamine metabolites or in response to novelty or locomotor activity. In contrast, prenatally cocaine-exposed monkeys were significantly different from control monkeys on persistence of responding during extinction and prenatally cocaine-exposed male monkeys discounted food reinforcers more than male controls in a delay-discounting procedure; no differences were seen in female monkeys. These findings suggest differential effects of prenatal cocaine exposure on conditioned behaviors that have been deemed models of impulsivity and that these effects may be influenced by sex. These monkeys represent a unique cohort of animalsadult male and female Old World macaques who had been exposed to cocaine throughout the 25 weeks of gestation and grown up with nearly no exposure to drugs of abuse. Using PET imaging, we previously reported that there were no group or sex differences in DA D2-like receptor availability in these adults (Hamilton et al. 2010) . Other pharmacological studies revealed no differences in D1-like receptor function, but found significant differences related to prenatal drug exposure and sensitivity to DA D 3 agonist effects. Although quinpirole is considered a DA D 3 /D 2 agonist, pharmacological studies have shown that the ascending limb of the quinpirole-elicited yawning dose-response curve is D 3 -mediated (Collins et al. 2005) . Based on the differences in sensitivity to DA D 3 agonists, we hypothesized that the prenatally cocaine-exposed monkeys would respond differently to the various behavioral manipulations utilized in the present study, although we had no precise hypotheses about which measures would be most sensitive. The present findings showing that prenatally cocaine-exposed monkeys respond more during extinction and that males have lower indifference points during delay discounting, along with our earlier findings that these monkeys are more sensitive to DA D 3 agonist effects (Hamilton et al. 2010) , support the idea that the compounds acting at DA D 3 receptors could be a promising pharmacological target for treating behaviors related to impulsivity, including substance abuse (for reviews, see Le Foll et al. 2005; Sokoloff et al. 2006; Heidbreder 2008 ).
We did not find a relationship between behavior and CSF concentrations of the DA metabolite HVA or the 5-HT metabolite 5-HIAA for any unconditioned or conditioned behavior examined. This is in contrast to the extensive literature documenting an association between decreased 5-HIAA levels and increased behaviors thought to model impulsivity in monkeys (Higley et al. 1996; Westergaard et al. 1999 Westergaard et al. , 2003 Fairbanks et al. 1999 Fairbanks et al. , 2001 Fairbanks et al. , 2004 Manuck et al. 2003) . A likely explanation for the discrepancy between findings is the use of different behavioral measures. As described below, the construct of impulsivity is multi-faceted, such that differential contribution of 5-HT and 5-HIAA may be dependent on the experimental conditions and the dependent variable under study. Nonetheless, these data suggest that 5-HT is not necessarily a major contributor to behaviors deemed impulsive.
The present findings also extended our earlier work by showing that differential effects of prenatal cocaine exposure are influenced by the sex of the offspring. Sex-specific effects have also been found in animal studies with males more susceptible to the negative long-term effects of prenatal cocaine exposure on 5-HT receptors (Johns et al. 2002) and DA receptor binding and reactivity (Silvers et al. 2006; Dow-Edwards 2010) . Additionally, recent clinical studies reported males to be more adversely affected by prenatal cocaine exposure than females, specifically increasing their risk for problems of inhibitory control (Delaney-Black et al. 2004; Bendersky et al. 2006; Dennis-Tiwary et al. 2006; Bennett et al. 2007 ). It has been suggested that the male fetus is more vulnerable to in utero stressors and neurotoxins than the female fetus (Kraemer 2000) , which may account for the larger deficits observed in prenatally cocaine-exposed males than females. It is also possible that other changes that occur during hormonal variations of adolescence may mask effects of prenatal cocaine exposure until maturation (Cabrera-Vera et al. 2000) . Our findings of lower indifference points during delay discounting in male, but not female, monkeys exposed to cocaine throughout gestation support the idea that prenatal cocaine exposure outcomes are influenced by sex. This is the first report to investigate a wide range of behaviors hypothesized to model aspects of impulsivity in the same cohort of nonhuman primates. Behavioral outcomes from the four tasks used in this study (novel object reactivity, locomotor activity, response extinction and delay discounting) did not correlate with one another, indicating that they do not measure overlapping facets of behaviors related to impulsivity. Interestingly, differences between prenatally cocaine-exposed and control monkeys were only observed in the conditioned behavioral measures. The two unconditioned behavioral measures were tasks typically used in rodents and have been shown to correlate with drug use (Hooks et al. 2001; Klebaur et al. 2001; Piazza et al. 1989 Piazza et al. , 1990 reviewed in Piazza and Le Moal 1998) . It is possible that the more complex behaviors associated with conditioned behavioral measures are necessary to unmask the subtle behavioral differences between prenatally cocaine-exposed monkeys and controls. In future studies, we will be able to establish which behavioral measures correlate with stimulant self-administration in this same cohort of monkeys in order to establish a "behavioral phenotype" predictive of substance abuse. Taken together with our earlier findings, the present results provide evidence for long-term neurobehavioral and neurobiological consequences of prenatal cocaine exposure that may be influenced by the sex of the offspring. Future research examining other behavioral endpoints, such as vulnerability to substance abuse and cognitive performance, will provide insight into the long-term consequences of early cocaine exposure.
